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Abnormal dispersion of repolarizalion may contribute to the
arrhythmogenic physiologic substrate of ventricular arrhythmia
.
Geographic dispersion of monophasic action potential duration
was determined in steady slate (drive cycle lengths 600 and
430 ms) between widely spaced right ventricular endocardial sites
(geographic dispersion) in 10 control patients with right ventric .
ular disease and complicating ventricular tachycardia (n = 9), 6
patients with right and left ventricular disease and complicating
ventricular tachycardia and 7 patients with ischemic heart disease
and complicating ventricular tachycardia . No significant differ .
ence in geographic dispersion could he demonstrated among the
groups .
Difference of monophasic action potential duration at adjacent
right ventricular endocardial sites (adjacent dispersion) was de .
termined after ventricular exlrastimulalion during construction of
simultaneous electrical restitution curves in the same patient
groups . Maximal adjacent dispersion over the electrical restitu.
don curve was compared between disease and control groups.
There was a significant difference in observations of maximal
adjacent dispersion in patients with right ventricular disease and
complicating ventricular tachycardia (range 5 to 65 ms, median
Reentrant activation is considered to be a frequent mecha-
nism of ventricular arrhythmia
(1-3). In ventricular m)ocar-
dium, there is evidence that nonuniformity of recovery after
excitation creates the electrophysiologic environment that
favors reentry (4-6). Vassallo et al . (7) reported geographic
variation of refractoriness on the ventricular endocardial
surface in particular disease groups but noted the limitations
of determining refractoriness at multiple sites during clinical
electrophysiologic study
. The monophasic action potential
can be recorded with greater ease, and advances in electrode
design (8,9)
have made such recordings clinically practica-
ble . The purpose of this study was to compare nonuniformity
of repolarization in healthy and diseased human right ven-
tricularendocardium .
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22.5 ; 14 pairs of sites ; p < 0.05) and patients with right and left
ventricular disease and complicating ventricular tachycardia
(range 5 to 50 ms, median 17 .5 ; 14 pairs of sites; p < 0.05)
compared with control patients (range 5 to 20 ms, median 10 ; 15
pairs of sites) . This difference was not evident when patients with
ischemic heart disease and complicating venricular tachycardia
(range 5 to 25 ms, median 12.5; 12 pats of sites) were compared
with control patients.
Maximal percent monophasic action potential shortening from
steady state was significantly greater (p < 0
.001) in both groups
with greater adjacent dispersions, and prolongation of activation
time at monophasic action potential recording sites after prema.
ture extrastimulation tended to be greater in patients with right or
right and left ventricular disease and complicating ventricular
tachycardia .
It is concluded that In disease, exaggeration of monophasic
action potential shortening after premature ventricular extrastim-
ulation may contribute to the electrophysiologic arrhythmogenie
substrate.
(J Am Coll Cardiol 1992
;19x1244-53)
Variation of monophasic action potential duration under
steady state conditions across the right ventricular enducar-
dial surface (geographic dispersion) and the difference in
monophasic action potential duration between adjacent en-
docardial sites before and after premature ventricular extra-
stimulation (adjacent dispersion) are reported in this study .
Methods
Study patients. All patients recruited for these studies,
with the exception of the cortrl gro::p, had had episodes of
spontaneous sustained monomorphi<' ventricular tachycar-
dia, documented either by a standard surface electrocardio-
gram (ECG) recorded on admission to the Royal Brompton
and National Heart Hospital
or at a referring hospital or
during ambulatory ECG monitoring
. Sustained monomof-
phic ventricular tachycardia was defined as a tachycardia
lasting a30 beats . Antiarrhythmic therapy, calcium channel
antagonists and beta-adrenergic blocking agents were
stopped in all patients at least 5 drug half-lives before
electrophysiologic study . Study protocols were approved by
0735-109719235.911
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the Ethical Committee of the b`,.tional Heart and Chest
Hospitals and informed consent for the study was obtained
from all participating patients
.
Conical group.
Patients in the control group 121 patients .
16 men, aged 18 to 59 years [mean 37]) were undergoing
electrophysiologic study to assess supraventricular tachy-
cardia or sinus node disease
. None had evidence of struc-
tural heart disease on clinical examination
. echocardiog-
raphy (10) or exercise stress testing at a high work load .
Patients with right
I entricnlar disease and carnpliratmg
ventric'dar taritvcardia. Patients in this group (13 patients
.
8 men, aged 19 to 47 years [mean 40]) were recruited from
those undergoing electrophysiologic study to assess docu-
mented sustained monomorphic ventricular tachycardia of
right ventricular conduction origin (the QRS complex on the
surface ECG demonstrating features of left ventricular delay
111]). These patients had evidence of structural right ventric-
ular disease on right ventricular echocardiography (10) or
angiography112) consistent with right ventricular dysplasia .
Right ventricular mapping identified the origin of tachycardia
in 12 patients. Coronary angiography had demonstrated no
coronary artery disease.
Patients with right and left renrricular disease and cunt-
plicating ventricnlur tack eardiu .
Patients in this group (13
patients . 11 men, aged 26 to 62 years [mean 45]) were
recruited from those undergoing electrophysiologic study to
assess documented sustained monomorphic ventricular
tachycardia of left ventricular origin . These patients had
evidence of structural disease of either the left ventricle
(10.12) or both ventricles on echocardiography and angiog-
raphy, but none had coronary artery disease on coronary
arteriography
. None had hypertrophic cardiomyopathy .
Patients with ischemic heart disease and complicating
sustained monomorphicventricular tachycardia . Patients in
this group (nine patients, eight men, aged 39 to 64 years
[mean 531) were undergoing el ,!ctrophysiologic study to
assess documented sustained monomorphie ventricular
tachycardia. All, had clinical, ECG and angiographic evi-
dence of coronary artery disease .
Electrophyslolngic study. Femoral vein access was ob-
tained by a modified Seldinger technique . Three 6F intro.
ducers were inserted in the right femoral vein
. A 6F bipolar
pacing electrode (Bard) was passed to the right ventricular
apex under fluoroscopic control
. The threshold for ventric-
ular pacing (bipolar pacing electrode) was determined and
ventricular pacing performed at twice diastolic threshold
(Biotronik)
. As needed, one or two 6F silver-silver chloride
monophasic action potential electrodes (EPS Technologies)
were passed to the right ventricle and the endocardial
contact position was adjusted to give satisfactory monopha-
sic action potential signals. These signals were recorded at a
paper speed of 100 or 200 mmls on an inkjet recorder
(Siemens Elema Mingoraf) . Monophasic action potential
duration was determined at 90% repolarization (MAP .) (9).
Geographic dispersion of repolarization. Pacing at the
right ventricular apex at a drive cycle length
of 600 ms was
1245
performed for 2 min to achieve a steady state (13) before
recording of monophasic action potentials was begun
. Re-
cordings were made from widely separated right ventricular
endocardial rites (outflow tract, apex
. anterior free wall and
inflow tract)
. Each recording site was noted on a schematic
diagram of the right ventricular endocardial surface . In each
instance. the position of
the monophasic action potential
electrode was adjusted until an acceptable monophasic ac-
tion potential recording was obtain::. Signal reproducibility
at each site was checked by repeat recordings at intervals of
1 to 2 min .
The pacing drive cycle length was then reduced to 430 ms
and
. after a further 2-min adaptation period, recordings were
again made from widely separated endocardial sites with the
same distribution as that just described .
Dam mralvsis
. Geographic dispersion of monophasic ac-
tion potential duration in individual patients was taken as the
difference between the longest and the shortest monophasic
action potentials .
Adjacent dispersion of repolarization
. Two monophasic
action potential electrodes were passed to the right ventricle
and adjusted to give acceptable signals at adjacent endocar-
dial sites
. with similar delay of stimulus artifact to monopha-
sic action poential upstroke during ventricular pacing
. Pac-
ing at the right ventricular apes was performed at a drive
cycle length of
600 ms for 2 min to establish steady state .
Thereafter, a ventricular extrastimulus was delivered at
20-cycle intervals to the right ventricular pacing site, reduc-
ing the coupling interval in 40-, 20- and 10-ms decrements
from 600 ms until refractoriness. Next, an extrastimulus was
introduced at 20-cycle intervals, increasing the coupling
interval from 600 ms in increments of 40 ms with I-s intervals
between drive trains, until escape beats occurred . Confirma-
tion that the 20-cycle drive train did not disrupt the steady
state was made by measuring the monophasic action poten-
tial duration preceding premature stimulation, varied mini-
mally throughout the study .
In this way, simultaneous electrical restitution curves
were constructed at adjacent endocardial sites . When clin-
ical circumstances allowed, this procedure was repeated at
additional pairs of endocardial sites .
Simultaneous monophasic action potential recordings
were made at adjacent endocardial sires to remove the
contribution of activation time to repolarization time disper-
sion, which could then be
expressed as difference in
monophasic action potential durations . The importance of
recording from two sites with the same activation time is
twofold
. First, as conduction time increases with increasing
prematurity of extrastimulation, the diastolic time interval
will increase despite a shorter premature coupling interval
.
Therefore, monophasic action potential duration might he
expected to prolong with approach to refractoriness as the
functional stimulus interval prolongs. If the absolute in-
crease in activation time is marked, then the functional
refractory period may never shorten sufficiently for shorten-
ing of monophasic action potential duration to occur over the
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Adlaeent Dispersion • (MAP1a-MAP2a)-(MAP1b-MAP2b)
steep phase of the restitution curve . The effect of slowed
conduction would be much less at a site closer to the
stimulation site where the absolute increase in activation
time would be small . Therefore, two widely separated re-
cording sites might be exposed to substantially different
diastolic time intervals, in which case there would be dispar-
ate shortening of monophasic action potential duration as
each site is eperatirt on a different part o1 its restitution
curve . Second, the effect of different absolute increases in
activation times at the two recording sites would be to create
a dispersion of repolarization time independent of monopha-
sic action potential duration changes .
Data analysis . 1 . Restitution curves of monophasic ac-
tion potential duration against the preceding diastolic time
interval wets constructed for each pair of sites sampled .
From these data, the instantaneous difference in action
potential duration between paired endocurdial sites before
and after ventricular extrastimulation was determined for
premature and "postmature" coupling intervals and the
maximal adjacent dispersion of monophasic action potential
durations determined (Fig . 1) .
2 . Maximal percent monophasic action potential shorten-
ing (from steady state duration) during electrical restitution
was determined at all recording sites and the control group
compared with the study groups . It has already been stated
that monophasic action potential shortening is strongly in-
fluenced by the distance between the pacing and recording
sites. It is therefore assumed that there has been random
variability in this distance in the various studies .
3 . Maximal percent increase in activation time (from
steady state activation time) of the premature action poten-
tial at one of each pair of sites was determined with the
approach to refractoriness at the pacing site. Maximal per-
cent increase in activation time (from steady state activation
time) in the control and study groups was compared. It is
assumed that the velocity of conduction was constant at any
given extrastimulus coupling interval and that the increase in
activation time was due to slowed conduction .
1ACC Vel. 19 . No .
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Figure 1 . Diagrammatic representation of the calcula-
v ., of adjacent dispersion of the mocephasic action
potential (MAP)
. Adjacent dispersion = (MAP In
-
MAP 2a)-(MAPIb-MAP26) . SI and S:: =background
drive stimulation and premature esiras: mulus, respec-
tively .
Statistical analysis . The significance of differences be-
tween groups in the geographic dispersion df monophasic
action potential duration and adjacent dispersion of
monophasic action potential duration was assessed using the
Kruskal-Wallis test with corrections for multiple compari-
sons . The significance of differences between groups in the
maximal percent monophasic action potential shortening and
maximal percent increase in activation time after premature
ventricular extrastimulation was determined by using the
rank-sum test . Differences were considered significant at a
p value < 0 .05 .
Results
Geographic dispersion and ranges of monophasic action
potential duration (Table 1) . The range of monophasic action
potentials did not differ between control and disease groups
Table
1 .
Range of Monophasic Action Potential (MAP) Durations
(ms) and Geographic Dispersions (ms) in the Right Ventricle in
Control and Study Groups
No. of Sites Geographic MAP Duration
Sampled Dispersion (rest
(an)
Group Range Median Range Median Range
A : 430-ms Drive Cycle Length
IHD = ischemic head disease; RVD = right ventricular disease :
RVILVD = right and left ventricular disease .
Control
RVD
RVILVD
IHD
9-12
12-16
9-12
8-12
II
11
10
10
20-45
20-30
20-40
20-35
30
25
25
25
170-240
186-250
175-240
190-245
B: 601-ms Drive Cycle Length
Control
8-15
12 25-60 40 195-290
RVD 12-20
14
25-50
4a 210-300
RVILVD 10-14
11 25-55 35 215-305
DID 8-16 12 30-61)
40 205-295
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at either a 600- or a 430-ms drive cycle length . Similarly,
maximal geographic dispersions did not differ between the
groups at either of these drive cycle lengths (Table 1) . In all
groups, monophasic action potential duration was signifi-
cantly (p < 0 .001) less and maximal geographic dispersion
significantly (p < 0 .05) reduced in steady state at a 430-ms
compared with a 600-ms drive cycle length .
Examination of the records of the endocardial location of
monophasic action potential recording sites revealed that
monophasic action potential duration varied greatly over
short distances on the right ventricular endocardial surface .
Thus, in most patients dispersion of monophasic action
potential duration was as great over a small area of the right
ventricle as over the entire ventricle .
Adjacent dispersion of monophasic action potential dura-
tion in control group. Paired electrical restitution curves
were obtained at 15 pairs of sites in 12 control patients .
Many but not all restitution curves recorded from these sites
were "biphasic." Thus. after premature extrastimolation.
there was an initial sho .tening phase . an incl'ase in
monophasic action potential duration over a narrow range of
extrastimulus coupling intervals, followed by further short-
ening of the monophasic action potential after increasingly
premature extrastimulation . At the more premature coupling
intervals, monophasic action potential amplitude was de-
creased and phase 2 shortened, although there was little or
no change in phase 3 . With closer approach to the refractory
period, the diastolic time interval increased as prolongation
of activation time became more pronounced despite the
shorter extrastimulus coupling intervals, and premature ac-
tion potentials ceased to shorten further or lengthened.
Typical restitution curves (with the premature coupling
interval plotted on the abscissa) are shown in Figure 2 . A and
B, the latter demonstrating a phase of monophasic action
potential duration prolongation .
Shortening of
monophasic action potential duration with
increasing prematurity and lengthening with increasing post-
maturity of ventricular extrastimulation compared with
monophasic action potential duration in the steady state at
the drive cycle length was similar at paired sites . Thus .
maximal adjacent dispersion of
monophasic action potential
duration (and therefore repolarization time as recording sites
were adjacent with the same activation time) during electri-
cal restitution was small (Fig . 3), ranging from 5 to 20 ms
(median 10)
.
Adjacent dispersion of monophasic action potential in right
ventricular disease and complicating ventricular tachycardia
Paired restitution curves were obtained at 14 pairs of sites in
nine patients with right ventricular disease and complicating
right ventricular tachycardia . The restitution curves showed
similar characteristics to those described in the control
group . However, in contrast to findings in the control group,
there was a marked exaggeration of maximal adjacent dis-
persion of monophasic action potential duration with the
approach to refractoriness between same, but not all, paired
sites
. This exaggeration occurred consistently over the
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Figure 2 . A, Typical restitution curves in a control patient (no
structural heap disease) . B, Typical rest :. .^oai-a curves from adjacent
sites in a control patient. demonstrating monophasic action potential
prolongation with increasingly prematurity of extrastimulation be-
fore the sharp descent of the electrical restitution curve . t• = site I ;
= site 2 .
steepest phase of the restitution curve after the more pre-
mature ventricular extrastimuli . The largest maximal adja-
cent dispersion found between any paired sites is shown in
Figure 4A . There was a difference
of 5
ms between
monophasic action potential duration in the steady state at
this site pair, but it increased to 85 ms after extrastimulation
with a premature coupling interval of 230 ms . The simulta-
neous restitution curves from these two sites are shown in
Figure 4B. In this instance, maximal adjacent dispersion
coincided with the induction of
sustained ventricular tachy-
cardia, which was readily reinducible. However, at a second
pair of sites in the same patient, the maximal adjacent
dispersion was only 10 ms after premature extrastimulation
close to refractoriness (Fig. 4C), although ventricular tachy-
cardia remained inducible . Induction of ventricular tachy-
cardia was observed in similar circumstances during con-
struction of a restitution curve in two other patients in this
group .
Maximal adjacent dispersions at all paired sites in the
group (Fig. 3) ranged from 5 to 85 ms (medial 22 .5) . Thus,
1 247
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Figure 3.
Maximal adjacent dispersions of monophasic action po-
tential dumtions in control (Controls) and study groups ; p values
refer to comparisons with control values . 1HD = patients with
ischemic heal disease ; RV
disease = patients with right ventricular
disease ; RV + LV disease = patients with right and left ventricular
disease .
maximal adjacent dispersion between some paired sites was
no greater than that between paired sites in the control
group . Overall, however, the observations of maximal adja-
cent dispersion of monophasic action potential durations in
the group differed significantly (p < 0.05) from those in the
control group .
Adjacent dispersion of monophasic action potential dura .
tion in nonischemic right and left ventricular disease and
complicating ventricular tachycardia . Paired restitution
curves were obtained at 28 paired sites in 10 patients with
right and left ventricular disease and complicating ventricu-
lar tachycardia
. Al,ain, restitution curves showed features
similar to those observed in the control group
. Maximal
adjacent dispersion'setween paired sites in this group ranged
from 5 to 50 ms (median t7 .5) . These observations differed
significantly (p < 0.05) from those in the control group (Fig .
3), although again between some paired sites maximal adja-
cent dispersion was no greater than that between paired sites
in the control group.
Adjacent dispersion of monophasie action potential dura-
tion in ischemic heart disease and complicating ventricular
tachycardia . Restitution curves were recorded from 24
paired sites in six patients with ventricular tachycardia
complicating ischemic heart disease
. Maximal adjacent dis-
persion between paired sites ranged from 5 to 25 ms (median
12.5) in this group (Fig. 3) . These observations of maximal
adjacent dispersion were not significantly different from
those in the control group .
Adjacent dispersion of repolarization percent change in
monophasic action potential duration with premature ventric .
par extrastimulation. Maximal percent shortening of
monophasic action potential duration with premature ven-
tricular extrastimulation from the steady state was deter-
mined for all recording sites in the control group and ranged
tACC Vol. 19. No. 6
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Figure 4 . A, Recordings of monophasic action potentials (MAP)
from adjacent endocardiel sites in a patient with right ventricular
disease and complicating ventricular tachycardia (VT) . Note
monophasic action potential shortening is marked in the upper
tracing (A) compared with the recording in the lower tracing (B) and
there is adjacent dispersion of 85 ms at this coupling interval . B,
Simultaneous electrical restitution curves from the two recording
sites shown in A. + = site a . ∎ = site b .
from 4% to 25% (median 9%) . Maximal monophasic action
potential shortening is patients with right ventricular disease
and complicating ventricular tachycardia was significantly
different (p < 0.001) and tended to be greater, ranging from
7% to 38 .9% (median 15%) . Maximal monophasic action
potential percent shortening in patients with nonischemic
right and left ventricular disease and complicating ventricu-
lar tachycardia was also
significantly different (p < 0 .001)
from values in the control group and tended to be greater
(range 5 .3% to 28%, median 15%), but there was no signifi-
cant difference between maximal monophasic action poten-
tial percent shortening in patients with ischemic heart dis-
ease and complicating ventricular tachycardia (range 3 .3% to
24%, median 12%) compared with that in the control group
(Fig . 5) .
These observations suggest that exaggerated adjacent
dispersion of monophasic action potential durations at some
paired sites in patients with right ventricular disease or both
40
20
	 : • -
0
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Figures. Maximal percent change from steady state of monophasic
action potential duration in control and study groups . RVD =
patients with right ventricular disease : RV
.ILVD = patients with
right and left ventricular disease : other abbreviation as in Figure 3 .
right and lift ventricular disease and complicating ventricu-
lar tachycardia was the consequence of increased rather than
reduced monophasic action potential shortening after pre-
mature ventricular extrastimulation .
Slowed tntraventricular conduction after premature ven-
tricular stimulation (Table 2)
. There was no significant dif-
ference between groups in the range of activation times
(measured from pacing artifact on the surface ECG in lead
aVL to esuuophasic action potential upstroke) at monopha-
sic actior potential recording sites . At all recording sites in
the control and study groups, intraventricutar conduction
time and therefore activation time increased with premature
extrastimulation close to the effective refractory period . A
phase of supernormal conduction was also apparent 114,15) .
The maximal percent increase in the activation time of the
most premature monophasic action potential elicited from
MORGAN ET AL-
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the baseline activation time of the steady slate monophasic
action potential ranged from 117% to 200% (median 1469)) at
paired recording sites in the control group
. There as no
significant difference between these observations and the
maximal percent increase of activation time at paired
recording sites in patients with ischemic heart disease
(range 117% to 2439r. median 167%) . However
. the maximal
percent increase in activation time at paired recording
sites in patients with right ventricular disease and cr mpli-
c'etin, vatricular tachycardia
:vas significantly different
(p T 0 .02) (range ;17% to 2687, median 1869) and tended to
/c greotcr al paired recording sites in patients with right and
left ventricular disease and complicating nsa ricular tachy-
cardia (range 127% to 329%, median 156`/), but the obser-
vations in this latter group were not significantly different
from those in the control group
. Thus, intraventricular
conduction time tended to increase more after premature
ventricular cxtrastimulation in patients with right ventricular
disease .
Discussion
Dispersion of repolarixation and ventricular arehylhmia
in steady state conditions . The reported evidence (4-6)
suggests that abnormalities of repotarization and refractori-
ness contribute to the electrophysiologic substrate necessary
for reentrant activation, and therefore ventricular ar-
rhythmia, by exaggeration of the normal inltomogeneity of
repolarization . In this study, we found the geographic dis-
persion of monophasic action potential duration over the
right ventricular endocardial surface under steady state
conditions in control patients and in patients with sustained
monomorphic ventricular tachycardia complicating myocar-
dial disease of various etiologies to be similar in all patient
groups .
Table 2
. Activation Time (ms) in Steady State (AT) and After Premature Ventricotar Extrastimulation tAT') Before Enconnteeing
Refrac toriness . Percent Increase in
Activation
Time (%.) .
and Effecti ve Refractory Period (ERP) in Control Subjects and Study Groups
CentmlGroup RVD RV r LVD
IHD
IHD = patients with ischemic heart disease ; RVD = patients wish right ventricular disease ; RV + LVD - patients with eight and left ventticdar disease .
AT
(msl
AT'
nil 00
ERP
(ms)
AT
fns)
AT'
(ms)
7.,
ERP
(msl
AT
(msl
AT'
(msl
-7r
ERP
Ims)
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Ins)
AT'
(ms)
ERP
70 bent
35 70 200 230 30 80 268 210 35 115 329 210
40
70
175 260
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200
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45
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60 100 167 220 15 30 200 210
25 70 280 220 45 95 211 210
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The range of monophasic action potential durations and
geographic dispersions we observed is similar to that re-
ported by Olsson (16) and Edvardsson et al . (17) on the
endocardial surface of the right ventricle, by Cowan et al .
(18) on the epicardial surface of left and right ventricles and
by Franz et al . (19) on the endocardial surface of the left and
tight ventricles . They are also consistent with the observa-
tions of Mirvis (20) and Syivien et al . (21), who studied
dispersion of QT intervals in precordial maps in normal and
abnormal subjects . However, the latter group (21) found
exaggerated dispersion of QT interval maps in patients with
the long QT syndrome
; similarly Bonnatti and Botti (22)
have reported exaggerated geographic dispersion of right
ventricular endocardial monophasic action potential dura-
tions in patients with the long QT syndrome (although it is
unclear from their work whether early afterdepolarizations
were considered part of the monophasic action potential for
the purposes of determining its duration) . Also, Vassallo el
al. (7), who studied dispersion of activation times, refracto-
riness and total recovery times in the left ventricle of control
patients, patients with ventricular tachycardia complicating
ischemic heart disease and patients with the long QT syn-
drome, found that total :eft ventricular endocardial activa-
tion time was significantly prolonged in the ischemic group
compared with the control and long QT syndrome groups,
but that dispersion of refractoriness was significantly greater
in patients with the long QT syndrome than in the control
and ischemic groups. They concluded that dispersion of total
recovery time is exaggerated by delayed conduction in
patients with ischemic heart disease but by wide dispersion
of local refractory periods in patients with the long QT
syndrome. No patients with the long QT syndrome were
included in our study and the pathologic features of that
disease process may create an electrophysiologic substrate
for ventricular arrhythmia unlike that in the patients we
studied. We cannot comment on the contribution of disper-
sion of activation times to dispersion of total recovery times
because steady slate conditions were a611eved by ventricu-
lar rather than atria ; pacing . Ventricular activation limes
were thus dependent principally on the site of ventricular
pacing and intramyocardial conduction times . Therefore,
dispersion of rcpularizaiion time, either regional or global,
could exist in the steady state as a consequence of dispersion
of activation times .
Limitations . The limitations of this study prevent defini-
tive dismissal of exaggerated geographic dispersion of
monophasic action potential duration in the steady slate as a
possible arrhythmogenic substrate. Monophasic action
potentials were recorded widely from the right ventricular
endocardial surface, but we found that monophasic action
potential duration varies as much over small areas of en-
decardium (distances of no mare than a few centimeters) as
over the entire right ventricular endocardial surface
. Similar
variation of monophasic action potential durations or refrac-
tory periods over very small distances of the ventricular
endocardial surface has been reported in human (7,20) and
animal (23-25) studies
. Because there is such marked local
variation in monophasic action potential duration and be-
cause the size of reentrant circuits has yet to be established
in the clinical context . this work shares the limitation of the
work of Vassallo et al . (7) that recording action potentials (or
determining refractory periods in their case) over large
endocardial areas may be too crude an approach for the
assessment of repolarization dispersion . Even though the
unit in which this work was performed possesses consider-
able expertise in electrode manipulation, the limitations of
fluoroscopic guidance for electrode placement and the diffi-
culties of electrode manipulation do not allow recording of
numerous monophasic action potentials from a small and
precisely defined region of the endocardial surface . Thus,
the possibility remains that geographic dispersion of
monophasic action potential duration could be exaggerated
within small endocardial areas rather than over the entire
right ventricular surface.
A further possible limitation of this study arises from the
observation that ventricular pacing may cause reorganiza-
tion of ventricular repolarization (26) in the isolated perfused
rabbit heart . Partial reorganization of repolarizafion during
the time of the studies might have obscured differences in
geographic dispersion as monophasic action potential dura-
tions altered as a result of a rate-independent mechanism .
This is an unlikely explanation for the absence of exagger-
ated dispersion in patients with disease because the changes
in monophasic action potential duration documented by
Custard-Jackle et al . (26) occurred over a period of hours,
whereas the recordings in our study were made over
s30 min . Also, Franz et al . (27) more recently reported that
the monophasic action potential signal does not change
appreciably in configuration or duration if the ventricular
pacing site is changed from the right ventricular outflow tract
to the right ventricular apex at the same drive rate, an
observation that we confirmed during the course of this
work.
Exaggeration of adjacent dispersion of monophasic action
potential duration after premature ventricular extrastimula.
that. Premature ventricular stimulation is employed in clin-
ical electrophysiologic studies to induce ventricular arrhyth-
mia.
It is suggested that shortening of refractoriness after the
delivery of right ventricular extrastimuli at short coupling
intervals allows a reentrant circuit to be entered (4,6). This
was the rationale for the investigation of dispersion of
monophasic action potential durations between adjacent
right ventricular endocardial recording sites before and after
ventricular extrastimulation .
Simultaneous electrical restitution curves were similar at
all paired sites in the control group, such that there was little
or no increase in adjacent dispersion with increasingly
premature ventricular extrastimulation . However, prema-
lure ventricular extrastimulation caused an increase in adja-
cent dispersion with the approach to refractoriness at some
but not all paired sites in patients with right ventricular
disease or right and left ventricular disease and complicating
JACC Vol. 19 . Nn. a
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ventricular tachycardia
. A' poem dispersion of monophasic
action potential duration was not exaggerated by post-
mature "exlrastimulation ." The only criteria employed in
site selection were that monophasic action potential
recordings should meet the conditions of acceptability and
that paired sites should be adjacent so that variation in
activation time due to delayed conduction would affect
paired sites equally. Selection of sites for sampling was
otherwise similarly random in the control and study
groups
. It is possible that recording from sites where
there is a predominance of Parkinje fibers could contribute
to the differences in monophasic action potential shorten-
ing, but this is unlikely as Purkinje fibers are finely
distributed over the endocardial surface (Anderson RH,
personal communication, 1991), such that any contribution
of Purkinje tissue to the monophasic action potential is
minimal at any single recording site . Also, it would be
expected that any effect of Purkinje fibers on monophasic
action potential recordings would be equally prevalent in all
groups .
Adjacent dispersion of monophasic action potential dura-
tion was not significantly greater in patients with ischemic
heart disease than in control patients . This may be because
the arrhythmogenic substrates are different in patients with
ischemia (with anatomic areas of block occurring rather than
areas of functional block) or because the areas of diseased
myocardium are more circumscribed or located in the left
ventricle in such patients. As Vassallo et al
. (7) have
observed, the size of a reentrant circuit has yet to be defined
in the clinical context . In the disease groups in which
adjacent dispersion of action potential duration was demon-
strable, the disease processes are known to be wicespread,
so that random selection of recording sites may have been
more likely to result in sampling of diseased areas .
The largest increase in the difference in adjacent action
potential durations was 85 ms . In their animal model of
dispersion, Kuo et al, (28) demonstrated monophasic action
potential duration differences at adjacent sites that were of a
magnitude similar to those reported here
. they suggested
that juxtaposition of two action potentials with very different
durations might cause reexcitation of the fiber with the
shorter monophasic action potential duration, according to a
hypothesis suggested by other investigators (29,30), and
thereby cause local reentry. In the model of Kuo et at. (28),
dispersion of repolariza
.ion was primarily due to an increase
in monophasic action potential duration difference because
the maximal difference in activation times did not change
greatly . However, in their experimental design . ventricular
arrhythmia was induced by the delivery of premature extra-
stimuli onto this substrate and they did not investigate the
effect of premature ventricular stimuli on monophasic action
potential duration and activation times . In their subsequent
work (31), they assessed the effects of premature stimulation
on monophasic action potential duration and activation time
differences and demonstrated that delivery of two ventricu-
lar extrastimuli created insufficient dispersion of monophasic
1 25 1
action potential durations of activation times to induce
ventricular arrhythmia in normal myocardium unless disper-
sion of repolarization was induced by regional warm blood
perfusion
. We suggest that exaggerated adjacent dispersion
of monophasic action potential durations can be due to
abnormal electrical restitution in areas of diseased myocar-
dium .
Is exaggerated adjacent dispersion due to exaggerated
action potential shortening and abnormal electrical restitu-
tion? Maximal percent monophasic action potential short-
ening after premature ventricular extrastimulation from
steady state duration was significantly less in control pa-
tients than in the two disease groups in which exaggerated
adjacent dispersion was documented, suggesting that in the
latter groups greater monophasic action potential shortening
after premature ventricular extrastimulation was responsible
for exaggerated adjacent dispersion . Abnormal restitution
properties in areas of disease could cause exaggerated action
potential shortening after premature ventricular extrastimu-
lation
. Bass (32) characterized electrical restitution and
related the mechanisms of this phenomenon to those deter-
mining mechanical restitution, even though Genes et al . (33)
had earlier described the effect of premature extrastimula-
tion on action potential duration . Subsequently, in cellular
preparations, electrical restitution was extensively charac-
terized by Boyett and coworkers (34,35) and it was sug-
gested that action potential shortening as described in the
electrical restitution curve is determined by slow recovery of
the plateau current conductances from the processes of
activation and inactivation (36) . Exaggerated action poten-
tial shortening has been reported (29,37) in ischemic myo-
cardial cells. Slowing of recovery of plateau currents in
diseased myocardial fibers could explain abnormal restitu-
tion properties that, when combined with the slowed con-
duction velocity of the premature impulse, could cause
chaotic electrical activity and local reentrant activity in the
manner first suggested by Moe (38) .
Slowed condretiou meter premature ventricuar exlrastim.
ulation . Maximal percent increase in activation time of the
most premature extrastimulus to elicit a propagated re-
sponse from activation time in the steady state was greater in
patients with right ventricular disease and complicating
ventricular lachycardia than in control patients, although the
range of steady state activation times was similar in all
groups . This effect did not directly influence the exaggerated
adjacent dispersion between endocardial sites observed at
some paired recordings in the groups with disease because
adjacent sites were subject to a similar prolongation of
activation time. However, it might be expected that the
effect of an increased activation time would be to limit the
diastolic time interval more in the disease groups and there-
fore the descent of the electrical restitution curve . Exagger-
ated conduction delay may have additional arrhyrhmogenic
effects through an effect on electrical restitution
. The greater
the conduction delay over the myocardial syncytium after
premature extrastimulation, the greater is the range of dias-
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tolic time intervals to which the myocardial syncytium is
exposed. Therefore, the myocardium will function over a
broader range of electrical restitution curves if conduction
delay is enhanced
. This could in turn cause exaggerated
dispersion of
monophasic action potential durations, as the
shortening will vary both with differing electrical restitution
characteristics and differing diastolic time intervals between
areas
. This is illustrated by considering an increase in
activation time of 50 ms. A site adjacent to that from
which propagation occurs could he operating on the sharp
descent of the electrical restitution curve when extrastimuli
are delivered at coupling intervals close to the refractory
period of
the pacing site, while a distant site could be
operating on the electrical restitution curve plateau as
slowed conduction adds a further 50 ms to the extrastimulus
coupling interval .
Conclusions . Geographic dispersion
of monophasic ac-
tion potential duration is similar in control subjects and
patients with a variety of disease processes in the right
ventricle. Regional dispersion of
monophasic action poten-
tial durations has not been investigated and remains techni-
cally difficult to assess on the right ventricular endocardial
surface . Exaggerated action potential shortening after pre-
mature ventricular extrastimulation in diseased endocardium
could be due to a change in electrical restitution character-
istics and may contribute to the arrhythmogenic substrate .
An exaggeration of
the prolongation of activation time that
occurs after premature ventricular extrastimulation in dis-
eased right ventricular endocardium may also contribute to
the arrhythmogenic substrate .
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